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16 Abgteaxt
Phase II of the "Aircrafc Noise Definition" program consisted of a DC-8-61 flight test|

program with an objective to improve the statistical accuracy of the noise data
reported in Phase I of the program and to broaden the data base to include measure-
ments at long distances and at a thrust required for a ~teep approach. Noise measure-
ments were made during flyovers up to a: altitude of 8000 {eet, at sideline cCistances
up to 8000 feet and at target thrusts of 15,000, 1u,000, 5000, 3200, and 200G pounds,
This document reports tne data acquicitions, the analysis procedure, and tle results
in terms of variations in reference-day EPNL and A-weighted sound level with slant '
ranye; overhead to sideline noice levei relationship; and data showing lateral ncise
artenuastions. Data accuracy is described in terms of assignable confidence limits.

A comparison was made between reference-day noise leveis determined for surface
weather conditions and by a method that accounts for upper-air variations in the
sound-path weather. A wmethod that ad just= for latcral noise attenuation in computiny
{ EPNL's for sideline locations was suggested,
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SECTION |
INTRODUCTION

The growth i rommaercial jet iransport operations has bmght an incresne

n aircuﬂ noise great enough to be connidered as an environmental problc‘.m/——- B

16 the s =Pounn tng airport communities. In responsc to Federal legislation
dealing with the caimmunity hrpact of aircraft noise, the Fedeul Avuttan |
AdminintFation (FAA) is r*md\ntmg cnmprehennive .tudies of the de!‘mition 7
ui aircraft noine, In Quppcrt. of the study objectives, the Douglas Aireraft

C wmpany, McDonnell Douglas “orporation, is engaged inan FAA-sponsored

Arre raft Noise Definition Progrem,. the program requires that Douglas

provide grn’hic and computerined acous:ic and preformance data on selected

arrcruft that are in current fleet opcrations. The program objectives ar- to
e developed in three phases: Phase 1, Analyei- of IXxisting Data; Phase II,
Minimum [lata Acquisition Program: and Phase [, Fxpanded Data Acquibi-

“rron Teat Program Plan, This réport is 2 documentation of the resulta of

flyover - noine testing of a Douglas DO -F-61 aircraft for the Phase [l portion
of the progran,

Ahe results of the Phase § analysis of existing Douglas NDC-8, DC-Y. and
I 10 aircraft flyover- noise data were reported in Reference 1. Ceartain
ti-« hniques used in the analysis of the Phase [ data were developed for
i*hase 1, reporied in Reference 1, ani are the'refore. in mMost instances,
referenced rather than repeatied,

Vader Phase [, flyover noise leveis for specified  ombinavians of airceart
prrinrmance and altitude for the [X & a1 were measured and analyvaed for

U 'nmaimum data acquiaition pregram' with an objective te imp cove the
cvisting data b o and increase conideno o levelds dn sreas found o b
deficient in the Phase | stady, Also ol :areceat is the variatian of poise jovel

w+th distance to the sideline frore the aqr. ratt flignt poth,

I'rexented in this report are detailed descriptions of the test conditious, the
fMlyaver-noise rarasurement system, an‘d the data processing and analysis,
the resalts of the data analysis are summarzed, the data acouravy is

disiussed, and the 20-percent litnits of confidence deteemined,  [noaddition,
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revisions of the computer program listings for acoustic-data computations,
developed and reported in Phase I, are included in the appendixes to this

report,

The effects of considering the variations in upper-air temperature and
relative humidity on the piopag...on of the flycver-noise were studied with
comparisons made between noise spectra adjusted on the basie of surface

weather and a layered weather technique.

A suggested mezthod to be used in the determination of sideline noise levels
is also presented.

e st
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SECTION 2
TEST DESCRIPTICON

Flyaver-noise tests were can-ducted with 4 Douglas DC-B-61 aircraft at Yuma
Inte rnational Airpurt, Arizona. The tests consisted of level flights, and
simulated take-off and approach flyovers as listeri in Table |, with flight
profiles as shown in Figure |, Nicrophones, space positicning, meteoro-
lugical, and associated data recording systems were iocaierd as shown in

Figure 2,

‘The tests were conducted during the evening and early morning hours of
November 6 - 8, 1973, The time of day for each test run is given in
Table 1.

This scection describes the test alreraft, site, and data- ocquisitic n caquiproent

uscd during the tests.

2.1 AIRCRAFT CONFIGURATION

The test aircraft was a Douplas T 8 61 airerafh, Fuselage No, 373, FAA
Registration No. NBOB7U, a rommicrcial transport powereu hy four Pratt
and Whitney JT3D-3B turboaian engines, equippe« w h production nacelles,
‘The aircraft was leased from United Air lines for the period »f these
Myover tests, Figure 3 is a three view of the NC -t a1 areraft, snowing the
pross dimensions, lecation of the engines, the (IS plideslone antenna, and
the lase s tracking targets ured for aircraf. space position determination

cluring the flyovers,

l'he airc raflt syslems confl.guraion” for ihecse tusis Were pnoatna... anc
hydraulic systerna NORMAIL, auxihaivy power unit OFF, Janaing tights ON,
and the landing gear cxtendud tor ail runs. The aororan pross weight and
flap and landing gear position tor cach run are liste ! in able C-1 of

£ ppendix C,

e




TABLE 1

ARCRAFT NOISE DEFINITION - PHASE 1t
OC-8-81 FLYOVERNOISE MEASUREMENTS

NEIeNT FLIGNT
TVPE OF OVER PROPILE
FLYOVEN WICROPRNONE (! 0. 1)
| P 18000 PULL POWER TAKEOPF 1180 £
L2 oxe 18000 FULL POWER TAKEOFF 20 €2
3 ABORT LEVEL - -
| o TRACKING LEVEL 5080 F1
5 0242 15900 LEVEL 5000 2
s 0283 15000 LEVEL 269 *3
2 0303 10000 LEVEL 8080 4
s o318 10000 LEVEL 5000 13
9 037 10000 LEVEL 3000 Ht
10 0340 10000 LEVEL 8000 K
11 PRAL 15000 FULL POWER TAKEOFF 120 3
12 2348 10000 REDUCED THRUST TO %00 Y
3 2358 10000 AEDUCED THRUST TO 900 G2
7) ABOAT REDUCED THAUST TO - -
15 ol 10000 REDUCED THRUST TO 900 G3
6 0032 2000 AEDUCKED THRUST APPA 1220 H
7 0043 2000 AEDUCED THAUST 1400 "2
8 0080 2000 IREDUCED THRUST APPR 1320 — W3
19 0100 0G0 APPROACH! 1080 K1
20 0110 5000 APPROACH! 1100 K2
2 o8 5000 APPROACH: 1100 X3
22 0v26 15000 CUl.L POWER TAKEOFF 580 1%
23 0138 15000 FULL POWER TAKEGFF 600 12
24 048 15000 FULL POWER TAKEOFF 2200 13
25 o158 15000 FULL POWER TAKEGFF 2150 )
26 0210 5000 LEVEL 2400 "
27 0220 5000 LEVEL 2473 12
8 0234 15000 LEVEL 5350 F1
2 0248 10000 LEVEL 5080 Fé
) 0256 10000 LEVEL 5600 -
n 0308 10000 LEVEL 000 8
2 0317 10000 LEVEL 8000 )
%) 0330 5000 LEVEL 5020 B
M 0340 5000 LEVEL 5000 m
) 0412 3200 LEVEL 380 w1
) 0420 3200 LEVEL 340 ™2
NGO -

TAK: b FS -- STARTED FROM LEVEL FLIGHT, SIMULATED AFTER ARRIVAL AT A SELECTED POINT OVER HUNWAY
w FULL POWER TAKEOFF (RUN’ 1,2,95,6, 11 AND 22-28) — RATED VMKEQFF ENGINE PRESSUNE RATIO

MAINTAINED

0 AFOUCED THRUST TAKEOQFF (RUNS 12, 13 AND .J) - POWER ADJUSTED FOR SPECIFIED ROTOR SPEEQ WITH
LUIMBOUT AT PRESCRIBED AIRSYEED

APPEILACH PO cR - MAINTAINED UNTIL END OF RUN ARRIVAL AT SELECTED POINT OVER RUNWAY, CONTINUED

LEVEL UNTIL CLEAR CF AHEA

o APPROACH (RUNS 19,20 AND 21) ROTOR SPEED MAINTAINED TO MINIMIZE FAN NOISE VARIATIONS
v REDUCED THRUST APPROACH (RUNS 16, 17 AND 18) ~ THRUST ASSOCIATED WITH HIGHER ANGLE

GLIDESLOPE
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WANG SPAN 1424 FY
OVERALL LENGTH 1M7.4FY
OVERALL HEIGHT Q2.4 F7
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ANTENNA
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FIGURE 3. THREE VIEW OF DC-8-8!
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2.2 TEST SITE DESCRIPTION

The flyover-noise tests were conducted at the Yunia International Airport,
Yunia, Arizsona. The general topography of the test site and the location of
the instrumentation systems are shown in Figure 4,

The natural surfaces are sandy soil having various degrees of compaction,
with loose compaction predominating. The in situ surfaces adjacent to all
test microphones were spaded in a random pattern to assure consistent
surface conditions for all microphones, and ulso eliminate the possibility of
excessive surface absorption at any of the measurement locations.

The re were no obstructions, for exainple, trees. buildings, hills, or cliff=
at any measurement point which were in violation of the 75-degree half-angle
requirements. The terrain was not perfectly flat at all measurement points;

hnwever. it was acceptable for the purposes of acoustical measurements.

Climatological data for su-face weather conditions at Yuma were compiled
by National Weather Corporation for the month of November over a k.year
period, The data sources were (1) U.S, Air Force Revised Uniform
Summary of Surface Weather Conditions (1950-1960) and (2) Environmental
Science Service Administration climatological data for Yuma, Arizona
(1360-1972). A summary ot the frequency of occcurrence of the surface
weather conditions of wind, temwperawre, and relative humidity that are
within FAR Part 36 limits as a function of calendar month is given in

Figure B-1 of Appendix B,

A summary of temperature-inversion characieristics as a function of
calendar month is given in Figure R-2 of Appendix B.
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FIGURE 4 TOPOGRAPHIC MAP OF YUMA FLYOVER TEST SITE




Measured surface temperatures, relative humidities, wind speeds, and wind
directionns for the periods of the test aircraft flyovers are summarised in
Table B-! and Figure B-3 of Appendix B, Plots of the continuous recordings
oi the associated upper-air sound-path weather data are given in Figure B-4
of Appendix 3,

All surface-weather measured data were within the FAR Part 36 limits of
41 to 86° Fahrenheit temperature; 30- to 90-percent relative humidity; and
0- to 10-knot wind speed,

2.3 FLYOVER-NOISE MEASUREMENT SYSTEM

The Douglas Aircraft Company has desigred and developed a variety of
special equipment and data instrumentation systems to meet requirements

of the various acoustical tests conducted, Over the past 4 years Douglas

has designed, developed, implemented (in an incremental fashion), and
operated, at high utilization rates, a comprehensive state-of-the-art
aircraft-noise measurement system described below. The subsysteras used
to acquire the required data during aircraft flyover noise testing a:e grouped
into four categories: thai is, those for acoustical, meteorological, space-
positioning, and airplane operating parameters. These subsystems are
shown in Figure 5,

2.3.1 Acoustical Parameters

The flyover-noise data acquisition system is shown in Figures 2, 5, and 6,
The control portion of the system is housed in the mobile sound-recording
van shown in Figure 5,

Eight of the nine microphones were tripod-mounted with the microphone
cartridges 4 feet above the ground and oriented such that the flyover noise
impingement on the microphone diaphragm was at approxiinately grasing
incidence throughout the noise recording. The ninth microphone was flush-
mo:nted (Figure 7). All microphones (except the flush-mounted) were fitted
with windscreens for all teats, High-frequency preemphasis was utilized
during recording of approach and takeoff noise tests. For each noise

recording, the gain settings on the signal-conditioning amplifiers were set
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FIGURE 7. MICROPHONE INSTALLATIONS

to obtain optimum signal-to-noise ratios for optimum dynamic recording
range on the magnetic tape., The flyover-noise data were recorded on a
14-channel intermediate ;band FM recorder operating at 30 inches per
seccd. In addition, the time of day (IRIG- ) code) synchronized to the
standard time broadcast by radio station WWV (National Bureau of Standards)
was recorded on a separate tape channel, along with each flvover-noise
recording. A dynamic system calibration with a reference sound pressure
level was recorded in the {ield with a piston-phone that generates a sound
pressure level of 124.0 + 0.2 dB at 250 Hz. Frequency-reshonse calibration
signals of the recording system (excluding microphane cartridge) were
recorded., The signals consisted of a 90-second recording of broadband
"pink' noise generated by a precision pseudo-random noise generator with

a noise period of 2.2 seconds,

Immediately before or after each flyover-noise measurement, a recording
was made of the ambient noise levels, with the same system gain seiting as

was used (or the flyover recording.

2.3.1.1 Psuedotone Correction - Flyover noise was measured with a
flush-mounted micraphone located at ground level in close proximity to one

of the tripod-mounted noise measurements locations (Figure 7). The primary

13




objective of mearuring flyover noise with this microphone was to establish
the presence or absence of low-{requency pseudotonss in measured flyover-
noise spectra due to ground-reflection phenomena. A discussion of pseudo-
tonss and their sigrificance is contained in Appendix D,

2.3.2 Aircraft Operation Parameters

The definition of flyover-noise levele for specific aircraft operation
parameterc required the monitoring and recording of (1) airplane flight
conditions, (2) propulsion-system operation, and (3) airplane systems con-
figuration. The parameters considered necessary to be recorded for the
flight-test program are as listed in Tabls C-1 of Appendix C.

The flight-test aircraft was equipped with an Airborne Digital Data System
(ADDS) (Figure 8), cameras focused on the pilot instrument panel and flight
engineer panel (cockpit cameras) and other visual cockpit indicators
(fiight-card recording) {Figure 9). The ADDS uses both analog and digital
transducers and includes signal conditioning, analog-to-digital conversicn,
and multiplexing to record all data on one tape track of a direct wide-band
l-inch recorder. Elapied time was obtained by recording output signals of
a time code generator on the data tape using the IRIG-B code.

Calibrated instruments were used to cbtain the aircraft-system data listed in
Table C-1.

2. 3.3 Meteorological Parameters

Meteorological data, particularly temperature and relative humidity, are
required to determine the attenuation of flyover noise due to atmospleric
absorption and to correct the measured SPL's to standard or reference-day
weather conditions.

2,3,3.1 Surface Weather Conditions - Flyover-noise meteorological

equipment includes a 10-meter Mobile Atmospheric Recording Tower (MART)

system with temperature, relative-humidity, and wind-velocity recorders,
and is trailer-mounted and towed by the acoustics van (see Figure 5), Sur-
face weather-sensing and -recording equipment includes two small portable

14
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weather stations typically located at sclected microphone locations for

continuously recording the same parameters as above, but near microphone
level (5 feet), and two sets of hund-held motor-driven precision psychrom-
eters and wind-speed indicators.

= ST, T T T

The MART surface measuring systern consists of a Beckman-Whitney

Model No. 101 wind system producing a strip-chart record of wind speed
: and wind direction on time-calibrated paper and a Weather-Measure

PR

; Model H34] temperature and relative -humidity measuring system, which
' also produces a time-calibrated strip-chart record.

e 2.3.3.,2 Upper Air Gounding - Upper air sounding data were in general taken
e before, during, and after the flyover-noise tests to define the vertical
gradients of temperature, humidity, and wind, The parameters measured

t

E{ . were ambient air temperature, wind speed and direction and difference
j

b

between wet- and dry-bulb temperatures. Data were recorded to the height

of the test aircraft for a given series of flyovers (up to about 8000 feet).
The minimum accuracies of these measurements were +0.5°F for air

temperature and the difference between dry-bulb and wet-bulb temperature,

+3 xnots for wind speed, and +10 degrees for wind direction. The soundirg

data summarized in Appendix B were obtained by the National Weather
Corporation, The Figure B-4 plots represent data that was continuously
1 recorded from ground level to the maximum altitude,

B n
i T T (R

L 2.3.4 Space-Positioning Parameters

Accurate space-positioning data must be available during noise-data
processing to define propagation distances for sound-path normalization,
The sound-path distance must be precisely synchronized in time with the
| noise data. A Mobile Automatic Laser Tracking systern (MALT) uses an
autotrack monopulse optical-radar, with a multipower laser as the ranging

beam energy source, MALT, which is self-contained in a small truck

(Figure 5) uses a portable power source and can acquire, track, and record

the position of a retroreflector-equipped airplane., ..acking range is up to

60, 000 feet, with elevation and azimuth coverage of -5 to +45 degrees, and

+120 degrees, respectively, If line of sight permits, microphone locations

can also be determined from the MALT van, thereby eliminating the need

16
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for normal surveying. All space-positioning data (and time codes) are

rr.~orded on magnetic tape in a digital format for subsequent computer
processing.

Target arquisition iy initially obtained manually by using a television
monitor. Subsequent automatic tracking provides axzimuth, elevation, and
range data for magnetic-tape recording. The target aircraft retroreflector
(Figure S) reflects a 1060-Angstrom laser beam back to the receiver, The
transmitter is a flash-pumped, Q-spoiled Nd:YAG laser that develops 1-MW

peak power at a rate of 100 pps. The power of the system is automatically

controlled as a function of range to keep the radiated power below the eyesafe
level. Position accuracies achieved are +l. 0 foot for aircraft at a range of

2000 feet and +12. 0 feet at a range of 30, 000 feet from the MALT system.

Data proczssing is accomplished on either the IBM 360 or Sigma 7 computers
by using the original recorded tape as the input data tape. Space position
data relative to the runway, or relative to any other desired coordinate
system, are provided in selectable tabular or plotted formats. Velocity an
acceleration data are derived from position data by standard vector

fec hniques, Orierntation and calibration of the MALT system are achieved

Ly tracking surveyed static targets before and after each test. The proc-
essed data provide the rotation and translation coefficients necessary to

represent the position of the aircrafi relative to the desired coordinate

system,

17
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SECTION 3
DATA PROCESSING AND ANALYSIS

The information acguired for the various flyover-noise measurement
parameters is processed by analog and digital data reduction and analyses.
The Douglas-developed Flight Data Center (FDC) contains a large-scale
digital computing system (XDS Sigma 7) and a variety of input and output
devices, including tape drives, line-printers, card-readers, Cathode-Rauiy
Tube visual displays, and hardcopy displays. The FDC which is shown in
Figu.e 10 is the facility where all of the various types of data acquired by
the noise-measurement system described in the previous section are
integrated to generate the normalised flyover-noise levels discussed., The
magnetic tape generated by the FDC is used as an input to a computer pro-
gram determination of noise levels adjusted to reference conditions of
weather and aircraft performance.

3.1 DATA PROCESSING SUBSYSTEMS

Noise signals on magnetic-tape recordings are reduced to time-series
spectra by the Douglas-developed Controlled Integrating Spectrum Analyzer
(CISA) shown in Figure 10. Figure 11 is a block diagram of the system,
showing the data flow and monitoring points. The system consists primarily
of a General Radio (GR) 1921 Real-Time Audio Spectrurm Analyzer controlled
by a small digital computer. An incremental magnetic tape is generated for
further data processing within a large-scale digital computer (XDS Sigms 7).
The GR-1921 is a hybrid spectrum analyser with 24 analog 1/3 octave band
filters and a digital detector section employing true integration techniquea.
This analysis system meets the requirements specified in Paragrapb A36.2(d)
of FAR Part 36. Table 2 lists some of the basic characteristics of the major
components comprising CISA,

Each flyover-noise recording was digitized by using a 0,5-second
integration period mode within the GR 1921, to encompass ambient noise and
the 10-PNdB down points both prior to and past the point of maximum Tone
Corr:cted Perceived Noise Level (PNLTiM)., The digitizing time-spans were
determined from A -weighted-level histories of the flyover-noise recordings.

Procediag page bask
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The sound pressure level reference calibration signals, the broadband ''pink"
random noise, the frequency-response calibration signals, and the ambient
noise were digitizsed for subsequent computer processing, Approximately

10 seconds of ambient noise were analysed for each flyover-noise recording.
To obtain a maximum degree of repeatablility, the 'pink'" notlse frequency-
response calibration ..as processed by ensemble averaging within the

XDS Sigma 7 of thirty 2, 3-second integration-time data samples.

The Douglas-developed FORTRAN computer p; ,ram (L3SL operating on an
XDS Sigma 7 computer) is used to autormatically edit and combine the
measured 1/3-octave-band levels from the CISA system, the space-
positioning data generated by MALT, the airplane-performance data as
recorded by the ADDS, and the meteorological data from MART to obtain
normalized 1/3-octave aud full-octave band SPL's, as well as other flyover-
noise measures su.h ae PNIL, PNLT, and EPNL (Figure 12). With the
exception of the meteorological data, all of the above data are recorded in
digital format on magnetic tape, with punched cards as an alternate. The
meteorological data are normally input on cards.

To meet the requirements of FAR Part 36, Paragraph A36, 2(d) (4), the
computer program perforn.s ""moving averages'' of three 0, 5-second scans
{obtained from the CISA 0, 5-second integration-time samples) to produce
sound pressure level values (corresponding to '"'Slow' on a Sound Level
Meter) every 0,5 second.

The computer program corrects any effects that the‘ ambient noise may have
on the flyover-noise sound preasure levels and to ensure that erroneous
spectral irregularity corrections are not computed when the flyover-noise
levels fall below the ambient noise levels. All flyover-noise levels between
5 dB and 10 dB of the ambient noise are corrected for the presence of the
ambient noise on an energy basis. The standard acoustical procedure used
consists of convertin the decibel levels to relative powers, subtracting the
ambient power fron. che flyover-noise power, and then converting back to
decibels. All flyover-noise band levels within 5 dB of the ambient-noise
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band level are deleted, For the spectra with deleted noise band levels,
additions were made to the tone-correction procedure of Appendizx B, FAR
Part 36, Thus averaged levels (from pre- and post-deleted band levels) are
used to prevent calculation of erroneous tone corrections for spectra with

deleted-noise band levels,

‘ihe computer program automatically accounts for all gain adjustments
applied to the data generated by CISA, normalizes the 1/3-octave band levels
nsing reference -level calibration signals of any ‘requency in the range of
interest, adjusts for system frequency response b:: using rccorded
broadband-random pink-noise signals, and accounts {or the presence of

hackground noise on an energy basis.

Values of PNI, and EPNL were derived after the application of FAR Part 36
required procedures, They include data-averaging time, averaging-time
mode, duration-time mode, deletion of spurious tone corrections,
atmospheric-attenuation corrections (Reference 2), and reference flight

profiles and/or reference microphone positions,
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The L3SL OCUM?* output tape was combined with airplane measured and
calculated engine performance data (program C3AC) by using Sigma 7
Computer Program AING. The resulting Sigma 7 TMERGE " tape was then
input into IBM 370 computing system utility program A9NA.

For engine parameters such as rotor speed (Nl)’ a short time average
(Hme = closest point of aircraft/200) centered about PNLTM (40.5 sec) was
obtainsd. A simple average of the N, from each of the engines was com-
puted and used as the N, for that flyover. Other parametsrs on the data
tabulations that remain constant during each run, such as flap position,
were obtained directly from the tabulations,

For certain incomplete MALT space-positioning data, a manual position
technique was used to determine aircraft position and path airspeed data.
The technique is discussed in Appendix A. .

The .tput of the data-processing procedure consists of a variety of line
printer tabulations, computer-generated plots, and a computer-generated

< ‘sed composite magnetic tape that contains the time histories of the

tes. ‘lay 1/3-octave band sound pressure levels, time correlated with engine
and uight parameters weather, and space position data. This tape is
generally the scurce of data for subsequent engineering analyses.

3,2 2 "RCRAFT THRUST CALCULATION |

Thrust was obtained from an engine performance program (FZRA02) made up
of installed-engine fan ind gas-generator characteristics coupled with a
thrust <_lculation procedure hased on the Douglas nozszle characteristics,
These characteristics were derived from flight tests of the JT3D-3B-
powered DC-8-55 and DC-8-61 aircraft during initial certification,

Thrusts for the Phase II test runs were obtained by using the measured
in-flight engine pressure ratios (EPR) for the given test-run flight conditions
with the F2ZRA02 engine performance program.

“Douglas deaignation for binary magnetic tape record
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1.3 DATA ANALYSIS, ADJUSTMENT, AND PRESENTATION
31.3.1 Data Analysis

‘The magnetic tape generated by the digital computing system (XDS Sigma 7)
is the source of input data for an IBM 360 computer program (E2QH) uscd to
process the flyover-noise data to determine test and reference-day EPNL's
and peak A-weighted sound levels. A flow diagram of this program is given
in Figure 13, The line printer output from the E2QH computer program
provides test and reference-day (77°F and 70 percent relative hurnidity),
tine histories at 0,5 second intecvals, aircraft slant range, 1/3-octave band
sound pressure levels, perceived noisc levels (PNL), tone corrected per-
«eved neisce levels (PNLT), A-weighted sound levels, and overall ¢ »und
presgure levels, The ambient 1/3-octave band and overall sound pressure
levels for each measurement are listed, Test and reference-day effective
perceiwved noise levels (EPPNL) are also calculated, Representative examples
of this presentation are shown in Table -2 of Appendix C. For final
presentation, the EPNL data are adjusted in accordance with FAR Part 36
procedures to reference condition. appropriate for the aircraft, and noted

for cach set of curves,

t’resented 1n Table E-1 of Appendix . is a summary of the test-and
reference -day EPNL and peak A-wcighted sound levels, the applicable
alnstments to these levels, and the corresponding adjusted values for the
fMlyover-noise levels. Discussed in Appendix E, is the sequential proccdure

‘followed in applying cach adjustment to derive the flyover-noisc levels,

3, 3.2 Data Adjustments

vhe F.2Qil computer program is hased on the specified procedures of FAR
l‘art 3t and is designed to provide flyover-noise levels for aircraft noise
certification, To meet the data presentation requirenients tor the Aircraft
Moise Definition Program certain adjustments must he made to the EPNL
and A -weighted sound levels provided by the production version of the E2QH
computer program, These adjustiments were made to account for the
prescnce of psuedotones and to norrnalize each run to a target aircraft power
setting and airspeed, ‘The discussion of psuedotones is presented in

“ppendix ). For the Phase [l data, Table E-1, all tone corrections at
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frequencies below 1600 Hz were onsidered as psuedotones resulting from
pround reflection phenomena and not characteristic of the source noise,
‘Therefore, the PNLT velues obtained from the (E2QH) computer program
analyses were modified, as necessary, so as not to be based on psuedotone
corrections, A summary of the psuedotone adjustments ia shown in

Table D-1 of Appendix D,

Power-setting adjustments are made in both EPNL's and A-weighted leve!s
lo normalize each data point to the target thrust of the group. The adjust-
ments applied to the refercnce-day noise levels are listed in Columns 18
and 20 of Table F -1,

The reference-day EPNL's are adjusted to reference airspeeds appropriate
for the power setting. Column 17 of Tabtle F-1 is a tabulation of the
torrections determined by the relation

ACPNL = 10 log, o (Vo [V

The reference airspeeds ‘vRef‘ arc represcntative of those associated with
FAR Part 36 noise certification at the DC-8-61 maximum takeoff and landing
pross weipghts (325, 000 and 240, 900 pounds) and their respective flap ~cttings
15 and 50 degrees, On the hasis of reference -day weather conditions, the
reference airspeeds used were 180 KTAS for takeoff and 155 K'TAS for
approach,

1,3.3% Data Presentatian

The reference-day, adjusted noive levels, lizcod an colunins 19 and 21 of
Table F.-1 provide the input data for the noiwse cu.ve development procedure
discussed in Appendix F. The adjusted acousti: data are plotted as noise
level variation with distance in 2roups comprising data of one power setiing,
and a least-square curve 1y faired through the data points, For purposcs of
smoothing and extrapolating thie curves, cross plots are niade at sclected

slant ranges to provide the means for plotting all the desircd thrust settings,

Power settings for the DC -8 aircraft are identified by referred net th rust
~ [“

"N amb

speed (Nl/ n "‘2). in order to be compatible with the approach performance

). approach power scttings are also :dentified by referred tan
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charts in Reference |. Linear interpolation may be used for determining
noise levels at intermedizte power settings within a set of curves normalised
to the se.me airepeed.

For thrust valuas between takeoff and approach, appropriate adjustment of
the noise curve is required befora the interpolation is performed. The
difference in terme of EPNL between takeoff and approach airspeeds is

0.6 EPNdB. The transition range for the DC-3 aircraft is between 6000 and .
8000 pounde. If, for example, the DC-8-61 is iz a takeoff condition at
7500 pounds thrust, the levels along the 5000-pound thrust curve should be .

decreased by 0.6 EPNdAB (corresponding to conversion to 180 KTAS) before
interpolation is performed. If the airplane is in approach, the 0,6 EPN4B
should be added to the 8000-pound curve before interpolation is performed.

The power setting usuaily falls within the airspeed range of either takeoff
or approach, 2.4 the airspeed correction applied to the curve value of EPNL ;
is calculated in a straightforward manner. ]
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SECTION ¢
DISCUSSION OF RESULTS

The analysis and resultant ncise level information presented in thie report
are based on the flyover-noise measurement data obtained fron: the Phase 1
DC-8-61 aircraft flight test conducted during the period 6-8 November 1973,
The anilylical methodology and acoustic data computations developed in
Phase [ of L. ¢ program were applied to the data. The results of the analysis
of the scousti. data are presented as variations with slunt range of reference-
day (17°F, 70-percent humidity) EPNL and peak A -weighted sound level's,
dBA, (maximum A-weighted sound levels during flyover), The data were
plotted for several power settings ranging from takec ff thrust to the thrust
typical of a high-glide -slope approach, In addition, the effects of elevation
angle or sideline distance from the flight path were studied, and levels of
lateral noise attenuation were defined. 'lhe statistical accuracy of the data
used in the EPNL plots was also determined.

4,1 EFFECTIVE PERCEIVED NCISE AND A-WEIGHTED SOUND LEVELS

The results of the analysis of the Phase I flyover-noise measurements are
presented in Figures 14 and 15 as EPNIL and A-Wcighted sound level
variations with slant ranges. The preparation of the plots followed the
techniques discussed in Section 3 and war identical to that used in the
Phasc | analysis of existing DC-8-61 flycver-noise data,

Comparison of Figures 14 and 15 with the respective plots of Phase | data
{Figures 3 and 4 of Reference 1) shows a weneral overall towering of noise
levels for a comparable engine thrust and slant range. Plots of the EPNL
variations with slant range are compared in Figure Io for two representa-
tive thrust settings. The difference in EPNL's var.es hetween 4 dB at
short siant ranges (400 feet) and 6 to 12 dB at large slant ranges (5000 feet).
A similar comparison between the A-weighted sound levels would show

2 to 4 dB (A) at short ranges (400 feet) and 5 to 9dB(A) at large siant
ranges (5000 feet).

29




L — T " et s e rom —— 0 e e o

)

IONVYH 1NVYIS HL MM SNOLLYINVA 13A3T ISION Q3AI132U3d4 IAUITSAT ‘L1 IBAON
3 0001 tncds TEEE RETSE (00000 FO0N EDEE T R & 1 01 [ ]
.wﬁqyu.m bl M,..,.,'+«Tq..¢-. Pes alillae N M...*.L. * -y

L . LR IRTENN SR P S A i S|

H

..-L!l . PR S - .3._ Bl Ty W

. . ....«1«,‘—. 5 o 75 m . « foed
L.L4 o S U [ S USRS S ‘%.l.- s e and REM ' m.tl STIYL. ”T. .. ..hu{l‘_f._.

- S S :.« . B Saiidadind e sl SOS 0NN DRI RIS K &
o N P . $eee o} oo . LR, . .
-4 - ‘gf.\-v,;-v N .“.¢..Q

1 N BOSE BB Siiel SILLT

e o
[}

et !

K ]
e v f B

e [res,~ WSy SUURE S Y . ! S .
T A A = A 11 :
H be | 1 h é HE .

R EEEE I st by

I,r T * B4 ) S DR e S
2 Bk 3 . Rl .olf...&-.lﬁ .
N S e

S R 29

“'- f‘i.
g

IA“! r\lB

v -t
.
)

1
-

N 337

-

—
. -
be)
N

-
i
+
!

T

JPuRA

Jon s 3

‘*'
o
I
L




bt oy g

; b_.!.wvr_»

J T——

JONVH LNVYIE HLIM SNOLLY i HVA 4w>u‘.d an

b

e

Masel i

NOS Q3LHOI3

Rt IR S 2 SR et o

T

MV NYId S
1. v

.

AL o

1 3UNOd

08 T
N PO
rre
RPN S

._}!u
Tk i
T

e

rr e b+

1 " :
IRl
I v )
-t [

prooInp

—p oy

FBATT

S0 el

o SRR
b S
84 RO

1 B—

ok A VIR ibe Be A e =

. I.A—.I.L:.?.r
prrroi.

ey b}

T

e ey ]
! e et

-t

2]

t
H
B aul

A e ah Aed Yk b s e etk sttt aBh e D b Al ks G Kb e £ b e e

TS WYY UJFCPRY




ST3IAIT ISION it ISYHI HLIN § ISYHI 30 NOSIHYIWOD 9L JuNOId
1334 IONVISIO
000°01 0008 0009 on0% 200Z 3001 o8 o9 2% G0z
L T -TTTTY - T
SHONYYH NV IS VgD 38V S50NV L3I0 1 ISVHG
vivQ VYIWYD Jv f\ G WOH 4 Jhv SITRLVLISIO) 3SVHd  ILON
o ——— ——— —_— ——— e . - .
S 4\ -4 * o8
N 8PN43 21 “ VALY i 32V d 40
N g . ” NOILYINGVULIXT eewarew
] N o
~ - vi S -— -
IiA SN —_— )1ls|l...i¢.|| IS USSECESUSNE R R Il_ 06
A g X0
\ Qut N
N
e - rnl/.i” [ T U S
|
|
~ / ~ I“/; m
~~ T~ ~. :
~ - N ~N i
| ~
~\ I~ ~. \
— e /K.-wo/{/&ﬁ“ﬂ, -~ 4-— - N e et <40
| ~ T }
97 200°51 \V/ -~ ~./// // qyn-/
we & 27 ~ ~
~ r/l
. -
J ~ %Ahl S I/
/ -
e e |nﬁ||f||/||'|J YA
l/
s
l/ S ~
aPNdI Y ~ -
~
N .
t ~
] —_ .L.b!{& [EUETEUERIIE . ——— N 1 )

o

3 %ad JALD 340 IZ1TVYINYON

YRR

Y0Ld U iNG




An investigation of these differences was made by reviewing the methods
uscd in data acquisition, proccessing, and analysis. The investigation
identified several factors that could explain the differences in the two sets
of data. Quantitative 2»stimates of the effects of three of the factors have
been made, but such estimates of the effects ot other factors are not
available. The discussion that fullows indicates the effects of the partial

adjustment resulting from cthe application of the three quantitative estirnates.

Diffcrent methods were used in dcetermining the flight paths of the airplane.
For the Yuma tests, the MALT tracking system (Paragraph 2.3.4) was

uscd, which has a demonstrated accuracy of +0.05-percent. For the Fresno
tests, the less accurate photographic method was used. The photographic
mcthod has a +10-percent estimatcd degree of repeatibility (within two

standard deviations).

The noise mcasurement and data processing systems for the two tests were
not identical, but it is believed that the differences could not have introduced

any appreciable variances in the noise data.

There were three differences in the noise analyses. First., the Yuma data
were corrected for pseudotones in the low frequency bands of the spectra.
No pseudotone corrections were applied to the "resno data, however Had
corrections been applied, the Fresno data would have been adjusted downward
by about ! EPNdB. Sccond, the scund-path distances were determined differ

ently.  The direct overhead height to the aircraft was taken as the round-path

distance in the I'resno tests. For the Yuma tests, the truc sound-~path
distance (distance between microphone and airplane at the time of ’Ni.T'"\M)
was used. A quantitative estimatc of the cffects of this difierence is not
available. Third, the aircraft overhcad height was taker as the slant range
at CPA in plotting the Fresno data. The Yuma udata were plotted at the true
values of slant range at CPA, The use of the true slant ranye for the Fresno
data would have reduced the noise levels approxiinately 0 to 0.5 EPNdRB. The
simplifying assumptions used in the Fresno analyses were apprupriate in that
program, since the primary objective of the program was the determination
of the incremental changes in noise du: to nacelle acoustical treatment.

Accuracy in the absolute levels of the noise was of lesser importance.
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A review of the surface and sound-path weather records obtained during the
two tests showed that the surface weather conditions were acoustically similar
but that the sound-path weather during the Yuma tests was characterized by
generally lower absolute humidities. Uifferences in the tect-day noise spectra
tend to reflect the weather variations in that the low-frequency bands of the
spectra tended to agree well, but the SPL's in the higher frequency bands for
the Yuma data tended to be lower. In conformance with Part 36 procecdures,

weather corrections have been based only on surface weather.

Although no validated method for adjusting noise for sound-path weather varia-
tions is known, an estimate was made of adjustrnents in the Yuma dats that
might roughly account for the sound-path wecather variations. This estimate
and its results are presented in Appendix (i, v * 're possibl. adjustments
ranging from +0,3 to +2.9 EPNdB are indicatea, The adjustments for the
takeoff power average +0. 7 EPNdB, tor cutback power +1,2 EPNdB, and for
approach power +1.8 EPNJIB. Corresponding adjustments for the Fresnd

data are not availablc.

The three quantitative adjustments mentioned above are compared in Table 3
with the incremental differences. An explanation of the residual differences
shown in Table 3 could cunceivably be found in the combined effects of the
jesaar altitude accuracy of the Fresno data and the lack of a consistent and
validiatad method for adjusting both sets of data for sound-path weather

variations,

TABLE 3
PARTIAL ACCOUNTING OF DIFFERErCES BETWEEN
PHASE t AND PHASE 't

Rt S

‘ LONG SLANT

{ LOW ALTITUDE/ RANGE/

{ APPROACH TAKEQFF
THRUST THRUST

o (400 F1/5,000 LB) | (3000 FY/15,000 L8)
| REP INTED EPN. UiF i HENCE !

(PHASE | PRASE i1, .+ GUAE 16) +4 +6
PSUFGTONE ADJUS TMENT 1 §
, ALTITUDE VS CPA P OTTING
ALJUSIMENT ¢ 0 -0.5
D LAYERED WEATHER ADINULIMENT | K i 1
{ —
ADJUSTED DIFFERENCE ! i
{PHASE | - PHASE 1) L (B ] | 35 i
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4,2 LATERAL NOISE ATTENUATION

‘I he determination of noise levels from an aircraft flyover directly overhead
rlepends on measurement of a complex set of physical variables, The
variations of noise level with distance shown in Figures 14 and 15 are based
on measurement of these variables, However, the generation of cornmunity
noise-impact area contours utilizes not only overhead noise data but also
data from the slant-range sideline noise measurements for given aircraft-
altitude profiles, Variations of extra ground attenuation (EGA), shielding,
and directivity effects as functions of elevation angle (f), must be considered
in any accurate definition of noise irnpact area. As a Phase II study objec-
tive, data were measured on cither side of the flight path during aircraft
flyovers and analyzed in an effort to determine these combined cffects on

laticral noise attenuation,

Figure 17 is a plot showing the variation of lateral noise attenuation with
elevation angle (B) for three pcwer settings. The variation is a function

of } and the distance D to the side of the flight path, The data points shown
comprise a range of sideline distances from 2500 feet to 8000 feet and slant
ianges to approximately 9900 feet.

‘'o normalize the data, differcnces in noise levels for equal overhead and
sideline sound paths were calculated, thus removing effects of attenuation
due to atmospheric absorption and spherical divergence, When plotted, the
data puints collapse to a single curve, rather than the expected spread at
any given elevation angle with variations in sideline distance. These data
would indicate that the lateral noise attenuation is primarily a funciion of
elevation angle (3); and that the effect of sound patl length is negligible,
Additional noise-level measurements at sideline distances of 500 to 1500 feet
and at low aircraft altitudes (300 feet); as well as large slant-range flyovers
at small elevation angles, should help to confirm or revise the cbserved

t rend,
4.3 LATERAL PROPAGATION EFFECTS

The possible effects of test-site asymmetry on flyover-noise level

measurements are recognized, Other studies (Reference 5) have ascribed

-
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to EGA, anomolous sideline noise levels for small elevation angles (3- to

4 -degrees) of the flyover aircraft (400 feet), It was pointed out that elevation
differences between sideline measurement locations could be the ""explanation'
for differences in long-range (6000 feet), symmetrical, sideline noise-level

measurements.

In selecting Yuma International Airport as the test site for the Phase II
flyover tests, consideration was given to the relatively flat terrain; and
although the data from the tests have limitations (single location on NW side),
a quantitative evaluation was made of the test site asymmetry,

Figure |8 shows plots of EPNL variations with distance to the sideline of the
flight path, at altitudes near 1, 000 feet, for thrust settings of 15, 000, 10, 000,
5. 000, and 2, 000 pounds. The plots show symumetry for the data available,
however, on one side only a single location at 2500 feet was used, There-
fore, the symmetry at large sideline distances and low elevation angles

could not be determined,

I'igure 19 presents similar plots for thrusts of 15, 000, 10, 000, and

5. 000 pounds at altitudes near 5000 feet. The curves are relatively flat
compared to those in Figure 18, this demonstrates the effect of the difference
in sound path length between overhead and sideline locations. The relative
increase in sound path lengths in going from an overhead distance of

1, 000 feet to a sideline distance of 8, 000 feet is approximately eight times
(Figure 18); the relative increase in sound path distance in going from an
overhead distance of 5, 000 feet to a sideline distance oi 8, 000 feet is
approximately 1,9 times (Figure 19). The difference in attenuation for

these distance factors, based on spherical divergence is approximately 12 dB,

I'igure 20 shows the noise level variation for overhead and sideline distances
for various aircraft flyover altitudes at takeoff thrust. As thc flyover alti-
tude is increased, there is a noticeable flattening of the curves, because the
centerline noise levels decrease and the sideline noise levels increase with

increasing elevation angle (p3).

37

e ST



14 0004 UVIN I0NLLTY LIVHIUIV — SLSNVYHL SNONYA
H03 IONVLASIO INITIOS H1A T13AIT 3SION 40 NOLLYIHVA ‘81 IUNOIY

(14 00D1) 3IINVLISIO INITIAIS

s » » z 0 F] » s 9 v z o z »
v | ! v T J —
— -
91000°65 = 9/N4 o
L4 0031 — FONLILIV
L1 N
- L os
e -t 08
=~ -1 oo
. Jou
| L ] T T B R
7 ORI PR
14 9911 - 33NLILTY
81 NOY
- L o8
- - o004
VIHLYIM TIVIING ONEN AVO
BN 34 0L CLLYWOV
SIIATT IBI0N

~ Ol

(BPNG3I) INGI

38




EPNL 1EPNOB!

1R[]
B NOISE LEVELS ADJUSTED

TO REFERENCE DAY USING
SURFACE WEATHER

100 b
il o \
80
RUN 28
ALTITUDE - 6410 FT
Fn/d - 15,000 LB
70 p~
- T N S R NN R S S

HO[-

8
T

2
z

/

RUN .10
nk ALTITUDE -- 5220 FT
Fuid = 10,000 LB
0 L 1 i 1 1 A 1. 1 1 1 )
1o r
100 |~
90k
RUN 33
80 = AL TITUDE 5240 FT

Fpgin - HOOL LY

10—~ \

0 1 1 i L 1 L L i l J
4 1 ? 1 N 1 2 1 4 5 [ 7 8

HIDELINE DISTANCE (1000 FT)
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4.4 DATA ACCURACY

The statistical accuracy of the data used in determining the EPNL curves in
Figure 14 is tabulated in Table 3 in terms of the 90-percent confidence
lmiits, The noise data used were measured at the ceaterline microphoncs,
corrected to reference-day condiiions /.nd adjusted to the reference airspeed
and appropriate target thrust,

The method used in the analysis utilized grouping of the normalized data
points by sets in a limited altitude range and adjusting each data point to a
common altitude by the technique shown in Figure 21. The sample data
point was adjusted from its measured CPA of 1140 feet to the common slant
vrange of 1500 feet along a path parallel to a segment of the 10, 000 pound
curve from Figure 14, Applying a AEPNL of -3, 3 EPNdB to the measured
105.5 F.PNdB (at the CPA) results in an EPNL of 102.2 DPNdB, Each point
is adjusted to 1500 feet in the same manner, and the percsnt confidence
limits of the six data points determined by using the small sample t distri-
bution m=thod as follows (Page 244 of Reference 4):

‘I'he small sample confidence limits, u, for 90 percent is given by

ne X 4+t 05°§'

/n

where t 05 1® the distribution factor dependent on the number of samples,

f -x)% + (X, x)z----+(xn->c)2
n-1 '

and X = average of n samples consisting of Xl. xz----xn.

The results shown in Table 3 indicate the 90-percent confidence limits to

he better than +1.0 EEPNdB, except for the low-altitude range (450-650 feet)
at 15, 000-pounds thrust (+1,27 EPNdB), and the mid-altitude range at i
5. 000-pounds thrust (+2.29 EPNdB)., Of these, only the latter data are |
outside the program objective of equal or better than +1.5 EPNdB 90 percent i

confidence limits,
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FIGURE 21. DATA POINT ALTITUDE ADJUSTMENT
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The three Jlow altitude datla points at i5, 000-pounds comprise the group
giving +1.27 EPNAB confidence: although the scatter of these points, as
seen in Higure '4, does not appear excessaive. Figure 14 also shows the
three 5000-pound data points near 1600 feet, which when grouped with the
three data points near 1350 feet (all adjusted to 1500 feet) result in the
largest confidence interval of 42.29 EPNAB. The scatter is evident in the
F PNL plotted data but cannot be accounted by variations in nnpud'or
thrust.

The data for long distance and low thrust (2, 000-pounds) showed very
favorable results as reflected in the confidence limits.

4.5 LATERAL NODBSE ATTENUATION ADJUSTMENT

Although not initially a test objective, a brief study was made into methods
of presenting the effects of lateral noise attenuation, including EGA, and
the manner in which far sideline distances and low airplane altitudes
combine to produce lower-than-expected noise levels., Other studies
(References 5 and 6) have suggested a fan plot or ''ladder technique' for
presenting adjustments to EPNL values to account for EGA effects. Fach
plot, however, is limited to a specific power settink, thus requiring several
nlots and considerable interpolation to determine off-design values. Asa
result a method is suggested ar a procedure to compute EPNI.'s for side-

line locations. This method, Figure 22, is based on the relationship

V'
EPNL = EPNLN - 10 log 2 LNA
lo -
REF

wher~
EPNIL = normalized EPNL, EPNdB
V = aircraft velocity

VREF = reference aircraft velocity

LNA = lateral noise attenuation, EPNdB
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and

- -x Py
ILNA = ke = r(FNlb b.p)

am

Figure 22 is presented as a suggested method with no attempt made to
provide quantitative values.

4.6 VERTICAL PROPAGATION EFrECTS

Sound propagating through the atmosphere is subject to uniform spreading
losses that follow the inverse square law of spherical divergence and atmo-
spheric absorption (or '"excess attenuation')., Reference 2 was issued by the
SAE as a recommended practice for determining atinospheric absorption as

a function of temperature and humidity and applying ad justments to determine
standard-dey noise levels. Subsequent to its issuance, APR 866 wis

;ubje(-t to critical evaluation. However, at the present time, it is the

accepted method used to meet the requirements for FAR Part 36 aircraft

noigse ccrtification. Therefore, all noise levels precented in this report are

based on the procedur:s of ARP 866, This recuired the use of surface !
weather conditions (temperature and relative humidity measured at 10 meters ]
above the ground) and adjusting the measured data to reference-day values f

(77“F and 70-percent relative humidity).

It was an objective of this study to investigate what :ffects variations in

temperature and relative humidity along the entire nuise propagation path

st

might have on the determinatiun of the reference-day noise levels,

The method followed was to segment the sound path in horizontal strata from
the noise source {(aircraift) to the measurement location. For each segment,
the average weather conditions were determined from the information
ﬁrovided by Figure B-4 of Appendix B. A computcr subroutinc from the
F.2QH program (see Paragraph 3.3. 1) was used to determine tne ARP 86¢

. Lt DA t”

adjustments in the sound path distance in each segment; the summation of !
these adjustrments was applied to the measured data, and a rcference-day ’
noise level spectrum plotted. Shown in Appendix G are tabulations of

comparisons between EPNL values determined by the layercd-weather and

the FAR, Part 36 methods (Table G-1). Also shown in Figure G-1, are

representative examples of the 1/3-octave band spectra plots.
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The reference-day EPNL values determined by the layered weather method
varicd from values determined by the FAR, Part 36 method by +0,3 dB (for a
low altitude cutback thrust flight) to +2. " dB {for an intermediate altitude
approach thrust flight). Generally, the 1/3-octave band spectra determined
by both methods, at time of PNLTM, were quite similar, as shown for

Run 1A on Page 151, However, as secn for Run 33B on Page 156, large
differences did nccur. This anomoly is unexplained and therefore, further
research into the effects of snund-path weather variations is needed before

this technique can be applied.
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SECTION 5
SUMMARY AND CONCLUSJIONS

Flyover-noise tests of a Douglas DC-8-6]1 were conducted at Yuma, Arizona
during ¢ -8 November 1973, Noise data from the flight teasts were analyzed
and derivationa = the normalirved EPNL and A-weighted sound level variations
with slant range were made. “he noise levels for thrust settings from
2000-pound approach thrust to the JT3D-3B takeoff thrust and slant ranges
from 200 to 10, 000 feet (or minbhnum noise levels of 80 EPNdB or 65 dBA)
were plotted. The data used wer: from measurements of the overhead-noine
levels and did not include any lateril noise attenuatica affects.

Comparison of the plotted EPNI, and A -weighted sound levels with the
respective plots of the data from Phase I indicates values that are lower
than previously reported. The EPNL's range from about 4 to 12 EPNdB and
the A -weighted sound levels 2 to 9 dEA lower than the values shown in
Reference 1, with the larger differences occurring at the longer slant

ranges.

From a comparison of the measured overhead and to the sideline noise lcvels
for several power settings a significant relationship between lateral noise
attenuation, the flyover elevation angle (), and the surface distance to the
side of the flight path (D) was found to exist. Both the elevation angle and

the sideline distance are interrelated in the determination of lateral nvise
attenuation, but of the two faciors, the angle of elevation is the most

significant.

No significant asymmetry was not2d in the measured test data to a sideline
distance of 2500 feet.

The plots of the EPNL variation with distance to the sideline of the flight
path exhibit a noticeable flattening with increases in aircraft altitude for a
pgiven thrust setting. This is because of the relatively large changes in
sound path distance, with altitude increases, for the near centerline
locations as opposed to only minor changes in sound path distance to the
more distant sideline location, for a comparable increase in altitude,
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The statistical accuracy of the data used in determining the plots of EPNL
variation with slant range was cvaluated in terms of 90-percent confidence
limits. The results indicate the confidence liinits of EPNL to be less than
+1.0 EPNdB for most thrusis and altitudes; this was also the case for the
DC~8-61 data reported in the Phase I study. For the 5000-pound thrust setting
at mid-altitudes, the calculated limits were +2.29 EPNdB and for 15, 200-
pound thrust the limits were +1.27 FEPNdB. The larger confidence limits
calculated for those two thrusts result from variations in the data that are

uncxplained at this time.

Methods of plotting lateral noise attenuation adjustments were studied and a
suypested procedure to compute EPNL.'s for sideline locations was presented.

Vertical propagation effects were studied and noise level adjustments for

suvund path weather variations were estimated, This estimate indicated that
a | to 2 EPNdB difference might occur for low altitude (less than 2000 feet)
fivove! noise when weather corrections are made on the basis of sound-path

weather rather than surface weather.

The noise levels determined for the DC-8-61 as a result of the Fhasc II fly-
uver-noise tests are generally lower than those prcviously reported in Phase I.
A review was made of the methods used in the two tests in data acquisition,
processing, and analyses. The review identified three differences in the
analytical procedures that contributed 1o the varilances and it identified
scveral other factors, including sound-path weather variations, that might

uxplain the remainder of the difference,
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APPENDIX A
EVALUATION OF DATA ACQUISITION

The flyover-noise measurement runs attempted for Phase II of the Aircraft
Noise Definition Program are listed in Table ] of Section 2, The exact
space positioning of all microphone locations is shown in Table A-1. Noise
data were recorded for all runs. However, only the data listed in Table A-2
were reduced and used in this report,

All Flight 1 ADDS data contain varying degrees of erroneous data for all
airplane parameters, Most of the erroneous data is recognizable; however,
other necessary operational data are unavailable for Flight 1. Therefore,
none of the Flight 1 data were used in the analysis reported in Section 4,

‘The acoustic data for microphone gideline distances of 5, 000 feet or more
are severely limited by the levels of ambient and microphone system noise,
the system noise consisting of extraneous high-frequency signals. Where-
ever possible, the extraneous high-frequency content was eliminated, and
care was taken to use the lowest possible levels of valid ambient noise for
each run,

The following runs had incomplete MALT space-positioning data: Runs 5, 6,
24, 25, and 27 through 34, The deficiencies were eliminated by manual
position data input with a point every 2 seconds. The following techniques
were used to interpolate for the incomplete MALT space-positioning data:

1. The available tracker altitude data were compared with the corresponding
airplane pressure altitude obtained from ADDS data. Aircraft pressure
altitude was corrected to correspond with tracker altitude, and the
corrected pressure altitude was then used for missing tracker altitude
data.

2. A similar technique was used for path speed, where indicated airspeed
was adjusted to agree with tracker airspeed. The adjusted airspeed was
used for the incomplete path speed data.
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3. The X-position of the airplane was calculated from the X-component of
path speed.

4. Lateral position was obtained by extrapolating available MALT
lateral -position data.

The flyover-noise data ''drop-out' due to ambient and system noise was
anticipated, and the amount ~! vuviid iata obtained compared to that attempted

was high (grsater than 90-per~~.!; Consequently, the objective of the test
was well satisfied.
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APPENDIX B
YUMA, ARIZONA, TEST-SITE WEATHER CONDITIONS

‘I he dry-bulb temperature, relative humidity, and wind speed and direction
weather conditions were recorded during the flyover-noise testing at ground
level and by upper-air soundings. The latter data were ottained by the
National Weather Corporation with the following techniques:

1. Temperature and relative humidity were obtained from continuous
recordings from a instrumented light aircraft.

2. Wind speed and direction were obtained from theodolite tracking of
weather balloons.

‘I he test day surface and sound-path weather conditions are summarized as
follows:

Figure B-1. Summary of Frequency of Occurrence of Surface
Weather Conditions within FAR Part 36 Limits.

Figure B-2. Summary of Temperature Inversion Characteristics by
Month,

Figure B-3. Plots of Measured Test Day Surface Weather.
Table B-1, Summary of Test Day MART Wcather Measurements,
Figure B-4, Plots of Upper-Air Sound-Path Weather Data.

'l he data from Figure B-4 was used in the layered weather determinations
discusged in Section 4.6 and the data presented in Appendix G.
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MOBILE ATMOSFHERIC RECUORDING TOWEX W2ATHER DATA
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APPENDIKX C
SUMMARIES OF ACOUSTIC & AIRCRAFT OPERATION DATA

The printed output data from the computer program analyses of the measured
acoustic and aircraft operation parameters are summarized and presented in
Tabhles C-1 and C-2,

Table C-1 is a summary of the measured aircraft operation parameters used

in analyzing the flyover-ncise data.

Table C-2 presents selected representative computer program flyover-noise
analyses of the Phase II flight test. These outputs from the E2QH computer
program provide listings of the aircraft, weather, and tost site parameters

used in each analysis. Also shown are the following:

1. 1/3-octave band SPL's at 0. 5-second intervals

2, 1.3-octave band center frequency of tone currection adjustment
3. Time history of overall SPL's at 0, 5-second intervals

4. Time history of A-weighted sound levels at 0.5-s8econd intervals
5. Time history of PNL values at 0, 5-second intervals

6, Time history of PNLT values at 0. 5~second intervals

7. Time history of acoustic range for noise levels at 0, 5-8econd intervals

{sound path distance)

3, Time bhistory of optical range {or nouise levels at 0, 5=sccond intervals

(slant range of aircraft at time flyover-noise reached microphone)
9. Plot of time history of NI, T

FO. Natse levels at time of PNLLTM,

"
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APPENDIX D
GROUND REFLECTION PSEUDOTONES

To obtain "'free field' noise spectra from data measured in the presence of
a ground plane requires that the measured noise spectra be corrected for
the spectral effects of the ground reflection phenomena. In the preseace of
a surface, the recorded noise spectra of & source will be affected by the
interferences between the direct and reflected sound waves; with destructive
interference or reinforcement of the signal dependent on the differences in
in direct and reflected sound path distances.

The theoretical bases for the following a». taken from the analyses made by
various authors (References 7, 8, and 9;.

During a flyover, the geometry of the point source and microphone receiver
relative to the ground surface is as shown in Figure D-1,

The source of the sound is assumed to be a point source which produces a

stationary and random noise.

In the vicinity of the microphone ground suiface irregularities are assumed
to be small when compared with the wave length of the sound in the frequency
range of interest, such that specular reflection can be assumed and that the

concept of an image source can be adopted.

If the ground is considered as a perfect reflector, the ratio, R, of the
resulting mean square préasure to the mean square pressure which would

have been meusured in the ''free field" is given by (References 7 and 9):

=1 +-L 42
R-l+zz+zc'

where
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In the case of a pure tone, the autocorrelation coefficient, C,, is given by:

Cy = cos 2 g.
A\

The reflection index, AN, associated with this frequency, expreased in d3,

represente the difference between the total sound level (direct plus reflected)

and the direct signal along. It may be expressed as

1 ,2 Ar
AN = 10 log, o [1 +~z-§ +7 cos 2n ]

A plot of reflection indices as a function of Ar/\ for the geometrical
parameter Z = r'/r = 1 are shown in Figure D-2. A phase difference occurs
betv-een the direct and reflected waves because of differences in acoustic
path length.

The resulting 1/3-octave band spectrum will contain a series of peaks and
nulls with the theoretical form as shown in Figure D-2, The peaks occurring
at wave lengths, \, that are multiples of the sound path differences and the
nulls at one-half wave lengths. The first null would occur for the case of

the aircraft directly overhead at

%-zh'

Figure D-3 represents 1/3-octave band spectra plots for a typical test run
for microphones located both 4 feet above the ground and flush with the
surface. The spectra for the flush microphone was normalized -3 dB to
account for pressure doubling, The noise spectra measured with the
microphone 4 feet above the ground exhibits nulls and peaks corresponding
to the theoretical curve in Figure D-2. Since these nulls and peaks are not

associated with the noise source, they are classified as pseudotones.

The flyover-noise analysis computer program (E2QH) provides as an output
the desiynated, by frequency and amplitude, tone corrections that were
determined by the procedures specified in Appendix B of FAR, Part 36,

However, pseudotones are not associated with the noise source and must
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not be applied to the PNL values to obtain PNLT, Tabie D-1 is a summary
of those tone corrections that are considered as pseudotones. Such tone
corrections were subsequ:ntly removed from the PNLT values shown in
'Table C-2 of Appendix C.

TABLE D1
SUMMARY OF PSEUDOTONE ADJUSTMENTS
MEASUREMENT o TONE CORRECTION
{RUN AND MICROPHONE) AMPLITUDE - PNLdB FREQUENCY - Hz

B "y 0.5 250
1"C 09 250
1o 09 250
HE 1.6 500
ne 17 500
MK 10 500
12G 1.2 1000
13G 1.3 1000
156G 18 1000
151 11 1260
1GF 24 500
I 34 500
1 30 500

i 22 500
18¢ a4 500
18F 38 500
19F 29 500
19G 14 500
20F as 500
Nt 28 500
2\F 3.0 500 i
216G 29 500
M 2.0 500
22C 10 250
20 09 315

:I ~f 2.1 800
.o 11 1250

; 23C 08 250
230 0.7 160 :
23E 21 630 ]
23F 19 630 i
213G 18 1000 1
23H 1.0 630 i
24A 05 160 !
248 0.7 160
»C 1.1 250
250 1.1 250
5L 1.1 630
HF Q.7 315
MG 20 630
204 0.7 125
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TABLE D1

SUMMARY OF PSEUDOTONE ADJUSTMENTS (CONTINUED)

MEASURBMENT ;

(RUN AND MICAROPHONE ) AMPLITUDE - PNLES FREQUENCY - Mz
28A o8 280
20F 2.9 800
24 " 1000
b 346 29 30
2 0s 400
BA 09 280
e 0.7 750
&80 08 0
8 o8 %0
- 07 318
A3 15 8500
81 16 83
28 0.7 160
20C 12 250
80 0 280
e 13 1600
296 25 1280
20F 1.9 630
00 1.0 250
00 1.0 280
06 1.2 1600
26 0.6 400
e .o 250
N0 0.7 128
nA [+X.] 315
xC e 250
2F 10 250
M 0.7 160
Rt 11 260
e K] %0
330 1R 250
33E 1.2 250
33 [ ] 160
Y] 1.1 630
Ma 09 250
MC 1.1 250
M0 1.4 250
348 06 250
MG 09 400
MM 10 630
»ne 1000

18

NOTE,

(1) DHETERMINED B8Y PROCEDURES SPECIFILD IN APPENDIX B, OF L' AR, PART 36,

(2) ALL FREQUENCIES REPRESENT THE CENTER FREQUENCY OF THE 1/3-OCTAVE BAND IN

WHICH THE TONE OCCURRED.

136

A mmakaa




APPENDIX E
SUMMARY OF DATA ANALYSES

‘I he data resulting from the processing and analysis of the flyover-noise
measurements are summarized in Table E-], For the microphone locations
not listed, data analyees were not performed because of unacceptable
rccorded noice or aircraft operational performance measuraments., This
included all of the first night's data (Runs 1-10),

Table E-1 is a listing of the measured data, the applied corrections and
adjustments, and the resultant reference-day noise levels for all the
analyzed Phase II flyover data.

The colun'ns, as nurnbered, contain the following information:

1. TARGET THRUST, Fy /G.mb(lOOO 1b)

2. RUN NUMBER
3. MICROPHONE LOCATION

4, LATERAL DEVIATION, FT - Distance perpendicular to and measured
from the ground projection of the flight path to the microphone location.

5. AIRCRAFT HEIGHT, FT

. SLANT RANGE, FT - From measurement location to clasest point of
aircraft (CPA)

7. MEASURED EPNL - Data analyzed as measured (including only |

measurement system corrections)

8., REFERENCE WEATHER EPNL - Adjusted to reference-day conditions
(77°F and 70-percent relative humidaty)

9. TONF. CORRFCTION (MEASURED) - Determined by FAR, Part 36,
Appendix B
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10.

11.

12,

13.

14.

15.
16.

17.

18,

19.

20.

21.
2.

23,

TONE CORRECTION FREQUENCY - Center frequency of 1/3-octave
band containing tone '

MEASURED EPNL MINUS TONE CORRECTION - EPNL with tone
correction removed if due to a pruedotone

REF. WEA. EPNL MINUS TONU CORRECTION - EPNL with tone
correction removed if due to a p».edotone

MEASURED dBA - A-weighted sound level including only measurement
system corrections

REFERENCE WEATHER, dBA - Measured dBA adjusted to reference-
day conditicus (77°F and 70-percent relative humidity)

TRUE AIRSPEED, KNOTS - Measured airspeed
ACTUAL THRUST. Fn/Sgmb b

AIRSPEED CORRECTION (EPNdAB) - EPNL adjustment to reference
airspeed

THRUST CORRECTION (EPNdB) - EPNL adjustment to target thrust
EPNL (ADJUSTED) - (8) or (12) + (17) and (18)

THRUST CORRECTION (dBA) - A-weighted sound level adjustment to
target thrust

dBA {ADJUSTED) - (14) + (20)

PNLTM (MEASURED)

DURATION CORRECTION (MEASURED) - (22) - (7)
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APPENDIX F
PROCEDURE FOR NOISE CURVE DEVELOPMENT

Determination of a mean curve fit to a set of experimental noise-level data
has long been a problem in establishing the relationship between noise level
and distance from a source. Numerous techniques, such as least-square
curve fit to a polynominal of a desired degree or simple use of a ship's

curve, have been used,

In this program. the dependence of noise level un distance from the source
is bascd on a least-square curve fit using an expression accounting for the
decrease in noise level with distance according to a logarithmic decay term
(spherical divergence attenuation) and a term for atmospheric losses having

a linear coefficient (atmospheric attenuation). Thus it can be expressed as

L, -alog (x/xo) -bl(X - XO)IIOOO] = L,

where
Lo = noise level at reference distance, EPNdB or dB
a = coefficient of logarithmic decay term for given noise-le- el quantity
X = distance between source and receiver, feet
Xo + reference distance of 250 feet
b = coefficient of lincar decay term tor given noise-level quantity,
EPNdB/1000 feet or dB/1000 fect
L. = noise Jevel at distance X, EI’NdB or dB

(A variable coefficient was included for the logarithmic term because there
was not an a' priori reason for the EPNL or the A-weighted level to decay

exactly as the inverse-square law. The value of the coefficient should be

approximately 29,)

Preceding page blank
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It is necessary to find L, a, and b such that a curve through the data pointa
miniriises the error. There are, in general, N data points, and the form of
the equation, for a general data point at xi. Yi' becomes

1. .. og (xi/xo) -b [xi - X_)/1000] = L,

To eimplify,

let log (xi/xo) =W,

and (xi - XO)IIOOO = Zi

which gives

I..o-awi--bzi=l.;i
For the DC~8-61 airplane in this study, the coefficients, (Lo’ a, and b) were
determined by the uae of a regression method and the noise level as a function
of distance for each power setting generated. Because of insufficieut data
points in the basic Phase 11 study, some of the noise curves were in conflict
in relation to the noisec data for the other power settings, When this happened,
curves were readjusted by using (noise versus power setting at a desired
altitua=) cross plots.

In addition, curve definition outside the measured data points required
extrapolation. Such extrapolations are shown as dashed lines in Figures
14 and 15.

148




APPLENDIX G
SOUND PATH EXCESS ATTENUATIUN BY LAYERED WEATHER METHOD

The determination of the reference-day noise levels presented in this report
arc the result of atmospheric attenuation adjustments based on ground level
mcasured weather conditions at the time of the specific flyover-ncise measure-
maent, Table G-1 contains a summary of the measured and reference-weather
PNI.T and EPNIL. values for selected flyover-noise measi - rments, All data
are for locations directly bencath the flight path, thus eliminating any lateral

noisc attenuation.

The effects that uny variations in upper-air weather might have on the
determination of reference-day noise levels were investigated. For each
of the measurements listed in Table G-1 the sound path was divided into

a scrics of segments or layers, The average weather conditions for each
layer were found from the upper-air weather data presented in Figure B-4.
By usce of a subroutine from the EZQH flyover-noise analysis computer
program the ARP 866 atmospheric absorption adjustments for each laycr
were determined, summed, and then applied to the measured data to
obtain PNLT and EPNL (listed in Table G-1), and 1/3-octave-band sound

prussure levels (shown in Figure G-1).

Comparisens between the 1 casured data, and the data based on surface
weather and the layered weather methods of determining reference-day noise

icvels are presented in Table G-1 and Figure G-1.
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TASLE G1

SUMMARY OF NOISE LEVELS DETERMINED
BY SURFACE-WEATHER AND LAYERED-
WEATHER METHODS
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APPENDIX H

COMPUTER PROGRAM, D3AA., FOR DETERMINING
FLYOVER NOISE LEVELS

‘ This program was developed in compliance with FAA Contract No.
N DOT-FA7T3WA-3161.

._ \
.' The purpose of this program is to calculate EPNL and A-weighted sound

level values for a specific aircraft at a desired power setting and altitude.

The FAA noise definition digital compute., program is written in Fortran IV
language for use on a IBM 360/370 computer system

The program has a built-in data bank to define EPNL and A-weighted sound
level curves for six aircraft, namely DC-8-61, DC<-8+63, DC-9-30 with
JT8D-7 engines, DC-9-30 with JT8D-9 engines, DC~10-1C, and DC-10-40.

. No library routines are required for program operation because of a built-in

linear interpolation routine.

The inputs requir *d to calculate EPNL and A-weighted sound levels are:
model (see program listing for code numbers), power setting, FN/{; for
DC-8 and DC-9, or N, N0y for DC-10; and altitude in feet. Any number
of cases can be input and calculated without a sentinel in the data cards to

terminate program execution.

» The program will check each data input to verify that the desired power

setting and altitude are within the range of the defined curves for the

applicable model. If either of the values is outside of the range, a
message to that effect will be printed along with the model, engine, and

e Lt a2y

input power setting and altitude.

Output is on a 11 x 17 page but can be modified to any format desired.

A sample of the output format is shown on Table H-1 of this appendix.
‘ Note that EPNL values are representative of fixed aircrzft velocities.
Determination of the EFNL for cother velocities can be .nade by the for riula

. 10 log V/VRE,:..

A fiow chart, Figure H-), input {ormat loading shez2t and program listing

are attached to this appendix.

The only change to the computer listing, over that provided und=r Phase I,

was the cuive slope v2lues for the DC-8-61,
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TABLE H-2
D3AA COMPUTER PROGRAM LISTING

TS CODr NUEERS FAF THE & ALFCRATT TNCLUYDED il THIS PROGRAM 2FRT

LIATED QFL W

MJUSL ENGINE CHODE Mive
NC~-A=¢ t NARLEST:) 1
DIgEY PY.% | Jran-7 2
Ul =-9=30 JTRD=7 3
NG =-9-30 Jran-a “
OC=-1)=10 CF&=AD S
DC=13=4D JYONN=20 o

INPJYT PATA IS TO INMCLUNLALATRAFT

DIMENS IO FRNLI24) ¢ DBALES) o P bR (A)

tY WPITE (6,e117)) *

JONE RPN OR THRUST, AMD ALTITUNE

L)Y FilbMAT (L1477 4S1Xy*FAL ~ AIRCRAFT NOTSE NEFINITION')

WhlTe (6,100

110 FURMAT MO .51 Y, *POJER
1 SHUNIY)
ARITE (6,120}

120 FUORMATLLH 26Ky *MODEL Y s MR ENGIRF W 7X, P SETYING
LiveEL=-aty

LVFLDC T TY
=)
20 K=xe]
IFIKGT2%) 60 70 1D

KPNIY

AIRCRAFTY

rERY (B30, N=909) MINFL ,THF1ST ALY

30 CUPHAT (124¢2%4F Tl e 22 F2,1)
GO TI 12 3"‘0"1"'!“(1|’E(
1 WwkITE (0s2001) THRUSTLALY
Q01 FIIFMAT (1RO, 23X, 'DC-4-61
L 1Y, *FT,*)
Gl T 800
S O ARITE e,202) THEAQST, ALY
202 FLiF%aT {119,233 40C~-R-61
1 1¢,87,")
wft T =60
I oELTE (6,in) ) THRUST, LY
253 = (MAT V1D, 100 -6-30
L7 ?F ot}
1 T 8Nn
@ R ITE {RyZ0wY ST, ALY
dYe FpMAT (140 . 207,00 =9~ 30
1 1x_lc*‘l)
[P S B 91V
S JdH T {6,2068) THC STt T
219 FLLUAT (140, 23Y, 00 -10-11
L tr3kT,0
LY 830

S A

JV s~

JT3n-1

JTad=1

FAET RN

T =t-bl)

160

AIFCRAFTY EPNL

ALTITURE

ek FTal ol XS e3XeFTele

LIRS I S B O TRATC AL B Y N B

.Qalv‘;’-l'l).v"..“ﬁ"}l.‘?.l|

Ya X, P T L I NGTLHS a3 FTL

ek F P L LN, IR GAX G FT, L,

30000040
00300050
0N0UAY60
30000270
16370080
02030390
000095109
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02000120
JO000L30
069V 140
NI L5D
15300160
201709170
102Ju R0
30900190
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Jud00210
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00000249
auonNnN2sn
03009260
10320270
10QCN2ZRO
2059300290
00000300
06300310
13330120
J0AUJ 33D
092090340
Y1300 390
J00C03ed
DANRTIDE ]
0I0003IRD
3340701389
0002600
JQ00& 0
IO
YA el
J I 95N D
[V IVS IR RN
JOINDwan
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JAN M e
[ TSt A
NPT
10000510
3330570
330021
1000943
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TABLE M2
03AA COMPUTER PROGRAM LISTING (CONTINUED)

6 dRIT: (6,2'06) TIRST ALY ) 0NUNSS0
2)6 FUSWAT ( 149,23X,'DC=1u=8yY JTD=200 R eF Tl oI 'ROMS 3N, F 7. Ly ID00U50
L AN, *FrT,s) 70000570
SCU CUNT I 2309540
INDEX =D IOV E80
BT (tle l2eldelaolSadoly VINFL (THIvD [T 1 1V
° 11 GALL AT3038 LAL T, THRUST LEPNL +NHAPIWER {NCURVE) 33300610
' THOVEL: 1A). J0NII62N
APPVEL® 159, 0JIN63D
1IELTHRUST,, Y. 00028 G:) TO %30 30090040
. VIRNE = APPVEL 0000452
60 TY 491 23130064
800 VTE'ics TOVEL : 91300672
BUL TFITHRYST,GTo0 ). o ANDLTHR J3T LT, AUQ0, ) GN T 802 01300080
K T RO) ’ 20301690
8U2 CTRYS = 159, ¢ ((THRIST=6010,1/7(3390.=6000. M) ®LLEI~15%.) J00007T00
IMPRELCs ] ! . INBOTLY
A3 CONTINYE : 13300720
R T) 991 04nNd0 730
le CALL JT3NT (ALT, THRUST JEPNL 4 OBA (PQAER  NCUKVE) QOO TGD
ToveEL= 190, J00N07Ts80
LVPVERLE 1459, J00D0T60
(FITRUST. GT.0)0).) ) TC 308 o00)2TN
VTRUE = ARPVEL J000uUTy0
G') T )8 03000750
8% vTWyi= T WEL JJ200¢0N
836 TFITHRAUST OT 66U ANNLTHRUST LT HDD.) GND TO 8UT 93300810
TR I {1 0000829
80T CTRUYE = |95, ¢ ({THRUST=60U))/(H000.~6000 118 (190,-155,) YJI00N3H
[NDbX=] JUUUDE84D
828 CUNYINUE )0U00ESO
GU T 801 000U0 86
13 CaLL JTS07 (ALToTHRUST (ERNL ¢NHALPCHER JNCURVE) 000008270
TaviLs 179, J000ue80
APPVEL R 140, 09J0038730
IF(THRUST,.GY00U0.) 5 T 310 00NV
VIR = APPVEL 33004910
GJ YY) RLY 0VIe 20
810 VIeyss TOVEL 19000930
AlL TRITAUSTLGT ALCIe AN THR JSTLT,8000.) G} TN 812 20000940
G TN ALy 1)00 170950
BL2 CYHUE 3 1406 & LETHEUST~60UI061/13)304=6002:))%(1T70.~-140.) 300 0%6n
fMDT Y= 33000479
813 C INTINUE Q000680
GO T %01 10300990
16 CALL JT899 (ALT THRUST 4 EPNL (DBPAPUWER ¢NCURVED 27000
TOVEL= JoYe 031010
¢ AkPVELE 160, JY0Q102n
JECTHRAUST 5T L0, 0 G) T 41S 03001030
VT = APPVEL JY0NL 06
G TH ALY 13091050
. 419 vTPyS=s TWFL 13001060
Bl6 TFITHAUST, GT AXCN AN THESET I T,800)0,1 &0 Tn 817 1002070

GU Ty ALl JIYULC4H :

i
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TABLE H-2
D3AA COMPUTER PROGRAM LISTING ICONTINUED)

BAT CTVY™ & a0, ¢ ((YHOIST=0000,)/7(80%0,-A031 ) )e(L1a%.~1004) 90010%)
INOERe ) 20001100
ALE CONTINF : J0001L110
S0 vH 89l 0000110
1S CALL CPAND (ALY THRUST JEPLL URA «PIWEWNCURVE) 10001110
taveLe (PO, 00001140
APpVLLe 1350, 000011350
IF{THRUST,GT.260).) GO TO B0 30001160
VIRUS = APPVFL 00001170
GO TO a2} 22001180
1 020 vTayYE - TRVEL 200601190
: 821 1R (THANST,GT 20004 AND THPUST,LY,3000,) O TO 822 00001200
; 00 T A2y 30004210
822 CTAUS & 150, ¢ (ITHPYST=26004)7(3D0,-2600. 110(180.~1%0.) 00001220
INDE Re 30001230
, 82y COANTINUE 05001240 3
5 60 Tn 501 )00012%9 !
5 16 CALL 1TON20 (ALT,"HEUSTLEPNL yNRA JPOWER ¢ NCURVE ) 10001260 ;
‘ TuveLe 210, 00001270 i
S APPVELS 160, 00001282 2
i [FCTHRUST,GY,20U0. )} G TO 330 10001 290 :
: VYRUD & APPVEL 10001 200
60 TN Ay} 00001310 g
830 VIRUCs= TOVEL 00001320 4
i 831 1F(THRUST,GT.26U0.4NDTHP IST.LT,20U). ) GG TG R32 20001330 :
‘ nH YU 83) 10001340
: 832 CTRUY & 1h0e ¢ ((THPYST=2600.17/:3000.~2600.))%(200.~-160.) 0001350
: IMOEXs 30001 360
: 833 CONTINUE 20001370
| SUL TF (ALY GT. 1000D.,00, ALT o1 T.2000 GO 13 1% 00001380
, 1€ (THRUST 6T POSERINCUPVED JIRe THRUST (LT, POWERCLIIGO TO 1S9  )000L390
1Tkl = VTRUE 20001400
1t =9 30091410
J s o 00001420
S10 1 =« ' e 1 20001430
Js 1 e 20001440
1P (THRUST .GE, PCWER(T) JAND. THPUST ,LE. PCWER(J)IGO TO %520 00001450
GN TO %10 )00014¢0 A
$20 L3 =1e3 30001470
LC2? =LC3-} 30001480
LC) =LC2-4 )0001490 1
MC3 wye) 20001502 .
G2 =v(3-) 30001510
“Cl sMCé-] 20001520
ATEPNL = EPNLILCL)= EANLILC2)e ALOGLOLALY/Z250)=EPNL (1.C3)*((ALT=250)0001530
1171900 20011 560
HIEPNL = FPNL(MCLI- EPNLIMC2)% ALOGLOLAL T/7250)-30NL (#C3)e((ALT-25000001550
11710001 1000150 \
BELTA® (MIFPNL=BTEPNL) Z{BNJEO(J)-PUwIk(T}) 20001570
RETSL =((THOUST = PUWFHU] I IONELTASRYF DAL ) 39001 980
ATUBA » DRALLOL)I~UAA(LC2)®ALNGIVUIALT/Z235D)-DRAILC3IS((ALT=250)/7100000601 590
i) 00001600 .
ATCBA = DAAIMCL) =dBACMCIIOALUGLIOIALT/25D)-NEAIMC3Ie((&LT=250)71000)0001610
n 10001620
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YABLE H-2
Dﬂn‘l(lll’ﬂf!ll'lllﬂ!‘llIJITIICIIﬂl‘fﬂlﬁlﬂw

UBLTA o tHIDBA-RYDAAD Z7(POWERL J)=PUdER(I 1)) v0001810
RONA » CLIETHRUST <~PUNER(T)ISUFLTAICBTONA 6001 640
1r IREPNL LTa80.0.,0RROBA.LTY$%.0) GO ') 190 000016%0
GO ) 30 10001640
340 I1FLINDEXGY.0)GD TO 900 Y0001 470
GO T) 300 . 20001600
900 AEPNL = REPNL ¢l 30.%ALOGLOICTRUF /ZTOVEL)) 20001690
GO 79 3je0 30001700
150 WRITE (6,160) 0000t 710
100 FCLMAT (L40,90%, *CATA NOT AVAILABLEY) 00001720
GO 7D 20 20001730
300 MPITE (40370 )ITRUEREPNL,PDAA ] 00001740
370 FORMATIING TR 130 KNOTS® 0 KoFSulelXeFSed) 00001750
GO 12 20 0000170
9% stae noooLTI?0
EnD 0000L T80
SUPRCUTINE  JTINIRIALT (THRUST ;EPNL +DBA+POWER,NCURVE ) 20001790
OINENSION EPN (24),08 [26),POWE (8) 20001800
OINENS ION SPNL (24),D8A124) ,PONERIS) JO00L 810
0C-~8~4] 00001822

OATA EPN/LORL.TY6LT74,20.06337690,5.%053520,115.56304077,20.8836442, 2000182!
ALeSI06065: 11893502338, 314779435, 6003091.120.680543%5,30.8918718, 00001822
D.3767730:121.6137966,20.2848A044,.T602853,122,28781048,25.8156411, 000010623
CoT911060¢122.6000607,23.5T10405,.7276164,123.04008362,20.864218, 000010826
04705643/ 00001823

DATA DB/98.8L2297419.2195619,6.5240358,104. 6993912, X9.1020022, 0000182¢
A2.)20 01540 107.4235930 0 200 14071464, 3900091 0009.1974384,33.436940408, 20001827
8e25004334111.640236432.1910586,.4170348,113.1178610,30,10838301, 200018.48
CeS358798,113,9489992,27.460322809.0619359,114,35832004,22.6167261, 00010829

D.8112740/ 00001430
NCURVE= A , 00031930
D&TA POWE /72000,,4300.,5000,+6000.+0000.410000,+12000,+15000./ 00001840
i=0 : 00001950
KeNCURVE ®3 00001960
00 L lal.x 00001970
EPNLL L) = EPNCIT) 00001980
| OBALL) = DAL]) : 30001990
D02 lalJNTURVE 30002000
2 POWER(]) = POWEL]) 30002010
RETUNN 00002020
END 30002030
SUBCRDUTINE JT3IDT (ALT.THRUST,EPNL sDBA,POWER NCURVE) 90002040
DC~8-~63 00002050 4
OIMENSICN EPN (240400 (24)4POWE (8) 00002060
DINENSION EPNL (24) +DBAL24) 4 PONER(R) 20002070 ]
DATA EPN  /7116.2019384917.85008310,1:%9636556,0L17.6400613,19,43050090003208% k
Xo 1.354068 JU002080 ]

Le118.9305383,20.36260642+.999067,120.67000822+21.3187806,.666031, 30002100
20223411 T726,20.009059L 45290593, 122.8409945,20.3791149,.4007281, N0002110 3
JU23,00084982,1R.7584281+.3620374/ 000u2120
DAYA D8 Z2107.77T77249,22,5651919:3.817515,108.T992471,23,22105, 30002130
1334747344 109,2998101,22,7791267:3.1209339,110.0063154:22,6494378,00002140 !
2275122000112, 7316942,25.7647804,1.1367350d,113,.74960859,25.0482832,20002:%0 ]
3.9168379,114,0636897,22.07R392%5,.1358417/ 3000160 :
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TABLE (42
DIA COMPUTER PROGRAM LIBTING (CONTINUED)

HEYA DAC  76))104.433004s8MI0 18076 o LONNA, 4 L2VD0L ) 58007
Nyt o 7

l=0

KeN{JPVE 03

N | lelen

EONLITD) o EONIT)

Pndtl) = 004 1Y

NP le ]l NCURVE

PIWeRL L) e PNELLT)

wE TUY

o

SUPR'YITINE  JPRETIALT  THRIST (FONL \DOAPOWER yNCUAVE)
C=-9=13 JTADN=?

DEIMENSTON EPN (24),DN (24), PUNE (H)

DIMENSION EONLE24) o IBAL24)PORTPLIN)

100)2170
00002180
J0002190
33002209
13092219
00002220
30002230
100722240
J00022%0
20032260
J0002270
00002280
10002290
10002 407
000v2310

CATA EPN  /Z7107.7365805,1%.21 170295, 7243 263,109,1677931,16,0758476)0002320
Lr@a 7920175 1106403505, 055547735, 4.,. 2375371 813.37357764,17.899G75200002130
202331602, 119.9204057, 1 B.6R71167,1,39940595,119.1539035,19.7181709,)00021340

3 1273783/

IATA DY /09,90 T4474,24.2954308,7.350%9693,100.6723899,23,71977s,
1.93T71963,1 01 H0100R0423. 17604840, ,TEH05062,2J4.513960%,22., 6427426,
2.10380320107.9083037,22.1709275,.1212538,11¢2.2530262+22.5769403,

3. 1273639/

GAYA POWE 740000950004 469034 48C00, ¢ 100D 4 12000,/
NCUNRVE =

{=9

KeNCURVE ¢3

00 L (=],

ePNLil) = EPNIT)

DRACY) = DREDD

D02 lal NiYRVE

PANERLL) » PUWE(])

RETuey

END

SURRUITINE JTIDG LALTy THRUST EPNL yDBAPORER¢NCURVE)
B=9=30 JTen=-?

UIMINSTIOM EPM (26),08 (26),P0wF L H)

VIMENSTUN EXPNLIZ6) DBAL24) 4 PORLE(R)

132023%%0
30002365
10002370
00002380
10002390
10002400
33002410
10002420
00022430

93072440

10002450
30002460
30002470
00002480
0930024990
0002500
30002510
00002%290
00002530
00002940

DATA EPM /106.TT67323,26.51159316.1.029702501)3.8771964,23.4312537,)00225%0

Lo J20%699: 110.712301,22,3996620,1.0087710,111.0593222,21.13630906,

10002960

202609920, 11234700173, 16,027 0 YA L 19ANGLEA L] U, i5806HA, 1T,1282407, 1000.2%70

BletDT6T7150219.032105301 019874606 14, .9620394H/

DATA LR /9§, 4190194, 29.7874452,.,2%383T7T0,104, 60!963:;21.‘717379.
V. id9i9585010 09240 19023.0169908, . 8425094, 102,.0018577,23,3752032,
26556 17°00,106, THALSH I, 214700510, 90¢29'93, 194, 50 '6420:2) 00258370,

3.4)12T58R,112425W02082,22,%7T03483,,1293039/

paYA PWE 720704+ 8400ua +530U. 16300, ’800’-0‘000300‘250’)-/
NCURVE & 7

feii

KaNCUYRyL @)

DO A el

FPENLEL) » FONLT)

C“ACl1) = DOLY)

"nNY2 1]l ,NCURVE

164

03007 3580
30002530
02032600
20002810
00002020
930024630
3600260
30022650
30002660
30002670
13002040
30002690
22002700
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TABLE M3 .
DIAA COMPUTER PROGRAM LISTING (DONCGLUDED)

2 POwERLL) s BPUWF L)
wF TRy
N
SUSE IITEHE CEnLD (ALY THRUST JEPNL JLURA JPQEN  NCURVE D
0C-13=10 SFA-4
DIMENSION FPN (24) o Un (240,010 (W)
DIMEMS IUN EPMLE24) 500 1 26)POGCRLA)

DATA ZON  /103.72002i%e13eP7004005,4,068108134107.2929001 118.09395%3)00027k0
10 ¥.1267029, 109, 7162039, 18.152533202.4748923,111,0343991,18,5025103000J275 .

Qe 1.6540950 ¢ 112,926)3739,18.1824900, 90140804/

DATA NU 791,0455832:2 1. L4741 T4, 4.2478261,100.14041998,26.13313433, JO0U2R1
1202367208, 1014201667060 24.97964T 7,2, LTASL2A,003.3390495,24.527 431, 10002020

205627929, 105. 73890544 26.9420879,, 2198043/ 10002430
UATA POWF /22314924304 +261)443000. 3420,/ )00028+4 °
NCURVE » § 0000285y
t=0 10002860
KeNCUAVE o3 30002870
0U L sl J0002844
EPNLLLD = EPNLT) 10002880
L ORALEY » GRLTD 00002900
)2 Te LoNCUFVE 93002910
2 YUNERLT) = PWELID 30002920
RETUPN 30292938
END J0002940
SYRRMITING  JTA0N2) (ALY THRYST EPHL UBA PORER NCURVED 30002950
NC-10-40 4790-20 : 30002960
OIMENS LNN EPN (200 40K (24),P0WF (W) 10002970 ,
JUMEASTON FANL (24 s DdAL24),PNNERLS) 000 I29RY i
IATA SPN  7106,5596563,10.6210165:2.3004363,1008,7864025.19,.25291551200029%0
1029599723, 109, 3250798, 19.060% 74, 1 7992489, 11 1.0344371,19,28449732309300 1
200227525134 113, 56067059, 1de 72400649944 7925681/ 20003010
UATA Db /795,3165871:20.75T0002, . TT8431R,93,1349274,19,95R301, 20023023
10 7604243,99.5772533 1 19.8299564,47168077,101.9740471+20.6277486, 10001033 £
2.4257521,103.905( :69,19,9326951 44 373154/ 20003040 ]
JATA ONRE /7223049260004 028))4130004038124/ 300030U%0 :
NCURVE = 5 330030¢0 )
t=0 3300307, -
KahfOAVE o3 LIV B LN i
on 1 [=l 10093967 !
EPNLII) = EPNID) 00033100 2
1 DAl s DALl 1700311 :
D2 1w LeNCUAVT 1)00%.: )
2 POMFRIL) = PIWELT) J0003130
RKF TUKN 00003140
LR €00 150
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10002710
Vo220
10202730
10 Ts)
100027%0
20092 160
13002770

33002800
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